We derive the decay rate of πµ atom formation in K µ4 decay. Using the obtained expressions we calculate the decay rate of atom formation and point out that considered decay can give a noticeable contribution as a background to the fundamental decay K + → π + νν.
Introduction
The elementary atoms formation in particles collisions and decays can give an unique information on strong interaction dynamics. The determination of the pionium atom lifetime [1] allows one to get information on ππ scattering lengths, whose knowledge are crucial for verification of Chiral Perturbation Theory predictions [2] . The accuracy of scattering lengths determination from nonleptonic decays [3] K ± → π ± π 0 π 0 also depends on effects caused by the possibility of ππ bound state formation [4, 5] . The creation of positronium atoms in π 0 Dalitz decay [6] or its photoproduction on extended target [7, 8] can give information on dependence of interaction on the spin state of the system and on mechanism of bound state formation. Since the basic works of Nemenov [9] which stimulated the search of elementary atoms, the πµ atom has been discovered [10, 11] in the decays of neutral kaons K L → π + µ − ν . In the present work we point out the importance of investigation of the πµ atom formation in the decay
(K µ4 decay). The reason for this looks as follows. In the last years the great efforts have been done [12] for experimental study of the rare decay K + → π + νν with the major goal of determination of the value of V st , which is unequally predicted by the theory [13, 14, 15] . At present the experiment NA42 [16] at CERN SPS is accepted , which plans to collect ≈ 80 events of this rare decay 1 . Later on we calculate the probability of πµ atom formation in the K µ4 decay and show that branching rate of atom formation is not much smaller than the branching ratio of fundamental process K + → π + νν. As a result the process of πµ atom formation can give a certain contribution as a background to the basic decay K + → π + νν in the relevant kinematical regions of experiment NA62.
The decay rate of the πµ atom formation
To obtain the decay rate of the πµ atom formation in K µ4 decay
we begin from the well known [17, 18] matrix element of the decay (1) written in the form of the product of the lepton and hadron currents
where the axial A λ and vector V λ hadronic currents:
Here and later on k, p 1 , p 2 , k 1 , k 2 are the invariant momenta of kaon, pions, muon and neutrino; m K , m π , m µ are the relevant masses. Confining as usually by s and p waves and assuming the same p-wave phase δ p for different form factors one has
The main goal of experimental investigation [19, 20, 21] 
and ∆ = −k(p 1 + p 2 ) [18] . From the other hand to make up the πµ atom in the decay (1) the negative pion and muon should have a similar velocities. For such kinematic only two variables are at work, which we choose as s π , s l .
Since the binding energy of the ground state of πµ atom is small [22] ε = 1.6KeV the atom is a nonrelativistic system. According to the general rules of quantum mechanics, the amplitude of the decay (2) can be written as the product of the matrix element of the decay (1) taken at equal velocities of muon and negative pion and the square of the Coulomb wave function at the origin
The square of the Coulomb wave function evaluated at the origin summed over principal quantum number [11] | Ψ(r = 0)
with α = 1 137 the fine structure constant and µ = mπ mµ mπ+mµ reduced mass. Using the well known rules, we obtain for the decay rate of (2)
Integrations in this expression are going over neutrino E ν and positive pion E π energies.
To calculate the square of matrix element in (8) we take advantage of the fact that the bilinear form of lepton current t αβ = j α j + β can be written in the well known form (see e.g. [23] )
This expression has to be contracted with the relevant form of hadronic current T αβ . As an example let us consider the convolution of lepton tensor (9) with the square of the first term of axial hadronic current in (4)
Accounting that muon and negative pion which compose atom should have the equal velocities let us express their momenta through the atom momentum p a and mass m a : p 2 = mπ ma p a ; k 1 = mµ ma p a and introduce the following Lorentz invariant combinations
As the atom energy in the kaon rest frame is E a = m K − E π − E ν the decay (2) describes by two independent variables, which in our case are the positive pion energy E π and neutrino energy E ν . The expression (10) can be rewritten through the above invariants
Calculating in the same way all terms in the contraction of square of axial and vector form factors with lepton part we obtain for the atom formation decay rate
The integration in this expression is going in the limits
The expression (13) is the main result of the present work. It allows one to calculate not only the decay rate of atom formation in K µ4 decay, but also the differential decay rate dΓ dEπ , whose knowledge is important for estimation of background in the basic decay K + → π + νν.
Numerical analysis
To calculate the atom formation decay rate using expression (13) one has to know the hadronic form factors. Accounting that hadronic form factors in K µ4 and K e4 decays are the same we take for three form factors F, G and H the standard parametrization [19, 20, 21] with parameters 2 from [20] . The axial hadronic form factor R can not be extracted from the experimental data on K e4 decay 3 . For this quantity we use the theoretical prediction [24] R = 2 3 F . Substituting these parametrization in (13) and using the value of K µ4 decay rate from [25] we obtain for the atom formation probability in the
. This probability would be compared with the probability of πµ atom creation in K µ3 decay [11] ∼ 4 × 10 −7 and ππ atom formation in the nonleptonic decay [26] K + → π + π + π − ∼ 8 × 10 −6 . As was mentioned above the atom formation in K µ4 decay can serves as background to the rare decay K + → π + νν in the relevant kinematical region. The Standard Model predicts for the branching decay rate (see e. g. [27] ) Br(K + → π + νν) ≈ (0.85 ± 0.07) × 10 −10 whereas the branching ratio for πµ atom formation considered in the present work turn out to be Br(K + → π + A πµ ν) ≈ 0.5 × 10 −10 . Thus the branching ratio of the decay (2) considered in present work is comparable with branching ratio of basic decay K + → π + νν and so has to be considered as a possible background to this decay.
